BLACK  ANO  VEATCh  KANSAS  CITY  MO  _/s 

NATIONAL  OAM  SAFETY  PROGRAM ,  FOFFEL  LAKE  DAM  (MO  20494),  MISSOU— ETC (U) 
DEC  SO  E  R  BURTON,  M  L  CALLAHAN  DAC*43-ei-C-0037 


_ UNrurMFIFt) _ 

IICUMTT  CWAMirtOkTIOK  OF  TMt«  »»«Vf  Dm*  trim*4, 


V 


MISSOURI- KANSAS  CITY  BASIN 


FOFKL  LAKC  OAM 

JOHN  (ON  COUNTY.  MIMOUAI 

MO  204*4 


PHASE  1  INSPECTION  REPORT 
NATIONAL  OAM  SAFETY  PROGRAM 


St.  Louia  District 


PREPARED  SV:  U.S.  ARMY  ENGMNEER  DISTRICT.  ST.  LOUIS 

for:  state  of  mmsouri 


DECEMBER  1980 


DEPARTMENT  OP  THE  ARMY 

ST.  UWI  •(STRICT  CMP*  ff  (MIRSCRS 

2'0  TUCKER  BOULEVARD  NORTH 

ST  IMIS.  MISSOURI  0)101 


*0 

AlUftlOi  a* 


SUBJECT:  Foffel  Lake  Dam,  MO.  I.D.  No.  20494  Phase  I  Inspection 
Report . 

This  report  presents  the  results  of  field  inspection  and  evaluation 
of  the  Foffel  Lake  Dam  (MO  20494). 

It  was  prepared  under  the  National  Program  of  Inspection  of  Non- 
Federal  Dams. 

This  dam  has  been  classified  as  unsafe,  non-emergency  by  the  St. 
Louis  District  as  a  result  of  the  application  of  the  following 
criteria : 

a.  Spillway  will  not  pass  50  percent  of  the  Probable  Maximum 
Flood  without  overtopping  the  dam. 

b.  Overtopping  of  the  dam  could  result  in  failure  of  the  dam. 

c.  Dam  failure  significantly  increases  the  hazard  to  loss  of 
life  downstream. 
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Name  of  Dam 
State  Located 
County  Located 
St  ream 

Date  of  Inspection 


Foffel  Lake  Dam 
Missouri 
Johnson  County 

Tributary  of  Clear  Fork  of  Blackwater 
River 

11  December  1980 


Foffel  Lake  Dam  was  inspected  by  a  team  of  engineers  from  Black  8 
Veatch,  Consulting  Engineers  for  the  St.  Louis  District,  Corps  of  Engi¬ 
neers.  The  purpose  of  the  inspection  was  to  make  an  assessment  of  the 
general  condition  of  the  dam  with  respect  to  safety,  based  upon  avail¬ 
able  data  and  visual  inspection,  in  order  to  determine  if  the  dam  poses 
hazards  to  human  life  or  property. 

The  guidelines  used  in  the  assessment  were  furnished  by  the  Depart¬ 
ment  of  the  Army,  Office  of  the  Chief  of  Engineers  and  developed  with 
the  help  of  several  Federal  and  state  agencies,  professional  engineering 
organizations,  and  private  engineers.  Based  on  these  guidelines,  this 
dam  is  classified  as  a  small  size  dam  with  a  high  downstream  hazard 
potential.  According  to  the  St.  Louis  District,  Corps  of  Engineers, 
failure  of  the  dam  would  threaten  lives  and  property.  The  estimated 
damage  zone  extends  approximately  one  and  one-half  miles  downstream  of 
the  dam.  Within  the  estimated  damage  zone  are  two  trailer  courts  with 
more  than  fifteen  trailer  units,  a  railroad,  a  motel  and  service  station, 
commercial  development,  more  than  five  residential  dwellings,  and  two 
highways.  Contents  of  the  estimated  downstream  damage  zone  were  verified 
by  the  inspection  team. 

Our  inspection  and  evaluation  indicates  the  spillway  does  not  meet 
the  criteria  set  forth  in  the  guidelines  for  a  dam  having  the  above  size 
and  hazard  potential.  The  spillway  will  not  pass  the  probable  maximum 
flood  without  overtopping  but  will  pass  25  percent  of  the  probable 
maximum  flood.  The  spillway  will  pass  the  flood  which  has  a  one  percent 
chance  of  occurrence  in  any  given  year  (100-year  flood).  The  spillway 
design  flood  recommended  by  the  guidelines  is  50  to  100  percent  of  the 
probable  maximum  flood.  Considering  the  downstream  damage  zone  and  the 
volume  of  water  stored  in  the  reservoir,  the  spillway  design  flood 
should  be  100  percent  of  the  probable  maximum  flood.  The  probable 
maximum  flood  is  defined  as  the  flood  discharge  which  may  be  expected 
from  the  most  severe  combination  of  critical  meteorologic  and  hydrologic 
conditions  which  are  reasonably  possible  in  the  region. 


L 


Based  on  visual  observations,  this  dam  appears  to  be  in  good  condi¬ 
tion.  Deficiencies  visually  observed  by  the  inspection  team  were  ex¬ 
tremely  steep  upstream  slope,  erosion  and  sloughing  of  the  upstream  slope 
at  the  waterline  due  to  wave  action,  erosion  of  the  unlined  spillway  dis¬ 
charge  channel  at  the  embankment  toe,  seepage  on  the  downstream  slope 
near  the  toe  of  the  north-south  portion  of  the  embankment  and  animal 
burrows  in  the  embankment.  Seepage  and  stability  analyses  required  by 
the  guidelines  were  not  available. 

There  were  no  observed  deficiencies  or  conditions  existing  at  the 
time  of  the  inspection  which  indicated  an  immediate  safety  hazard. 

Future  corrective  action  and  regular  maintenance  will  be  required  to 
correct  or  control  the  described  deficiencies.  In  addition,  detailed 
seepage  and  stability  analyses  of  the  existing  dam,  as  required  by  the 
guidelines,  should  be  performed.  A  detailed  report  discussing  each  of 
these  deficiencies  is  attached. 


Edwin  R.  Burton,  PE 
Missouri  E-10137 


HarryLT  Callahan,  Partner 
Black  &  Veatch 
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1 . 1  GENERAL 

a.  Author.!  y  The  Sj’ion^  1  Lam  Inspect  i  on  A>  I  ,  R_it.it  „av 
authorized  the  Secretary  ut  the  Armv  ,  through  the  corps  of  Engineers,  t 
initiate  a  program  of  safety  inspection  dams  throughout  the  In. ted 
States.  Pursuant  to  the  above,  the  District  Engineer  ot  tne  St  Lo^.s 
District,  Corps  ot  Engineers,  directed  that  a  safety  .nspectiot.  of  the 
Fcffel  Lake  Dam  be  made. 

b.  Purpose  ot  Inspection.  The  purpose  of  the  inspect;' n  ujs  t 
make  an  assessment  of  the  general  condition  of  the  Jam  with  respect  t 
safety,  based  upon  available  data  and  visual  inspection,  m  orjer  t> 
determine  if  the  dam  poses  hazards  to  human  life  or  property 

c.  Evaluation  Criteria.  Criteria  used  to  evaluate  the  Jam  wrr- 
furnished  by  the  Department  of  the  Army,  Office  of  the  Chief  of  Engi¬ 
neers,  in  "Recommended  Guidelines  for  Safety  Inspection  of  Dams  "  These 
guidelines  were  developed  with  the  help  of  several  Federal  agencies  and 
many  state  agencies,  professional  engineering  organizations,  and  private 
engineers . 

1.2  DESCRIPTION  OF  PROJECT 

a .  Description  of  Dam  and  Appurtenances . 

(1)  The  dam  is  an  earth  structure  located  in  the  valley  of  a 
tributary  of  the  Clear  Fork  of  the  Blackwater  River  (see  Plate  1  Tin 
lake  appears  to  have  been  formed  by  the  damming  of  a  highwav  construct. on 
borrow  pit.  The  watershed  is  an  area  of  minor  topographic  relief  of  ..w 
hills  consisting  of  about  25  percent  grasslands.  50  percent  croplands, 
and  25  percent  lake  surface  area.  The  dam  is  approximately  l,t35  feet 
long  along  the  crest  and  20  feet  high.  The  dam  crest  is  about  f  feet 
wide.  The  downstream  face  of  the  dam  has  a  nonuniform  slope 

(2)  The  spillway  is  an  lS-inch.  40  feet  long  corrugated  metal  pipe 
conduit  located  near  the  right  end  of  the  embankment.  Lett  and  right 
are  used  herein  for  directional  reference  while  looking  downstream.  Th- 
flow  through  the  conduit  is  not  controlled.  There  is  no  trash  ra.K  <r 
headwall.  The  spillway  outlet  cnannel  consists  of  a  narrow,  m. lined 
section  and  a  relatively  flat  overflow  section. 

(3)  Pertinent  physical  data  are  given  in  paragraph  11, 

b.  Location .  The  dam  is  located  in  east-central  Johnson  count. . 
Missouri,  as  indicated  on  Plate  1.  The  lake  formed  by  the  dam  is  Lo-  ate.: 
in  the  area  shown  on  the  United  States  Geologi'il  Survey  '.5  minutf 
series  quadrangle  map  for  Knob  Noster.  Missouri  in  Section  ’.5  of  T-.tA, 
R24V. 
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i  Impervious  tore  -  Unknown. 


>i  tutot  t  -  Unknown. 

<4,  i.rout  curtain  -  Unknown. 

(.  Ui  vers  ion  and  R*gu  lating  Tunnel  -  None . 
i  Spillway 

.  Type  -  lb*  inch  corrugated  metal  pipe. 

-i  Invert  elevation  -  832.0  feet  m . s . 1 . 

•  i  oates  -  None 

'  Upstream  channel  -  None. 

IS)  Downstream  channel  -  Discharges  to  an  eroded  ditch  located 
near  the  toe  ol  the  dam  and  then  to  a  30-inch  concrete  culvert  through 
the  -mt>ank»ent  of  Highway  50. 

Lmergency  Spillway  None. 

k  hegulating  Outlets  -  None 


SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 

Design  data  were  not  available. 

2.2  CONSTRUCTION 

Construction  records  were  unavailable. 

2.3  OPERATION 

Operational  records  and  documentation  of  past  floods  were  unavail¬ 
able  . 

2 . A  GEOLOGY 

The  site  for  the  dam  and  reservoir  is  located  across  a  broad  shallow 
swale  on  a  gently  sloping  hillside.  The  dam  impounds  the  drainage  of  a 
small  intermittent  headwater  tributary  of  the  Clear  Fork  of  the  Blackwater 
River . 

The  soils  in  the  area  of  the  dam  and  reservoir  are  the  Deepwater. 

Haig  and  Sampsel  soil  series.  The  Deepwater  soil  series  consists  of 
deep,  moderately  well-drained  soils  formed  in  residuum  from  shales  on 
uplands.  The  Deepwater  soils  are  classified  for  engineering  purposes  3S 
ML  or  CL  materials.  The  Haig  soil  series  consists  of  poorly  drained 
soils  formed  in  loess  under  prairie  vegetation  on  uplands.  The  Haig 
soils  are  classified  for  engineering  purposes  as  CL,  OL,  and  CH  materials. 
The  Sampsel  soil  series  consists  of  poorly  drained  soils  on  ridgetops 
(Reference  1  )  . 

The  bedrock  in  the  area  of  the  dam  and  reservoir  consists  of  inter- 
bedded  shale,  siltstone,  and  sandstone  of  the  Cabiness  subgroup.  Cherokee 
group  of  the  Des  Moinesian  series  of  the  Pennsyl vanian  system.  The  depth 
to  bedrock  is  not  known  (Reference  2). 

2 . 5  EVALUATION 

a  Ava liability.  No  engineering  data  were  available. 

b.  Adequacy .  No  engineering  data  were  available.  Thus,  an  assess¬ 
ment  of  the  design,  construction,  and  operation  could  not  tie  made 
Seepage  and  stability  analyses  comparable  to  the  requirements  of  the 
’'Recommended  Guidelines  for  Safety  Inspection  ol  Dams'  were  not  avail¬ 
able,  which  is  considered  a  deficiency.  These  seepage  and  stability 
analyses  should  be  performed  tor  appropriate  loading  conditions  iuk  lull¬ 
ing  earthquake  loads  l  and  made  a  ma'.tei  of  record 


c  Validity.  The  validity  of  the  design,  construction,  and  opera 
tion  could  not  be  determined  due  to  the  lack  of  engineering  data. 
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SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a.  General ■  A  visual  inspection  of  Foffel  Lake  Dam  was  made  on  11 
December  1980.  The  inspection  team  consisted  of  Edwin  Burton,  team 
leader;  Robert  Pinker,  geologist;  Gary  Van  Riessen,  geotechnical  engi¬ 
neer;  Alan  Reif,  civil  engineer;  and  Paul  MacRoberts,  hydraulics/ 
hydrologic  engineer.  The  dam  appeared  to  be  in  good  condition.  Specific 
observations  are  discussed  below.  No  observations  were  made  of  the  condi¬ 
tion  of  the  upstream  face  of  the  dam  below  the  pool  elevation  at  the  time 
of  the  inspection. 

b.  Dam.  The  inspection  team  observed  the  following  conditions  at 
the  dam.  No  cracking,  sliding,  or  other  signs  of  settlement  or  insta¬ 
bility  were  observed.  However,  the  upstream  slope  of  the  embankment  is 
steep  and  some  minor  sloughing  on  the  upstream  face  has  occurred  as  a 
result  of  undercutting  by  wave  action.  No  instruments  to  measure  the 
performance  of  the  dam  were  observed. 

A  seepage  area  was  observed  on  the  downstream  slope  of  the  embank¬ 
ment  near  the  toe.  Wet  soils  and  standing  water  have  provided  an  area 
for  cattail  growth.  Clear  flow  of  less  than  1  gpm  was  observed  at  the 
lower  end  of  the  seepage  area.  No  toe  drains  or  relief  wells  were 
observed . 

The  dam  crest  has  a  mowed  grass/weed  cover  with  some  worn  spots, 
probably  due  to  foot  and  vehicle  traffic.  Wave  action  erosion  was 
observed  on  the  upstream  slope.  There  is  no  riprap  protection  on  this 
dam.  The  ditch  leading  from  the  18-inch  corrugated  metal  pipe  conduit 
spillway  is  cutting  into  the  toe  of  the  embankment. 

Two  or  three  small  trees,  1-inch  diameter  or  less,  are  growing  on 
the  embankment.  A  few  small  animal  burrows  were  observed  on  both  the 
upstream  and  downstream  faces. 

No  evidence  was  found  to  indicate  that  the  embankment  had  ever  been 
overtopped . 

There  was  evidence  that  a  maintenance  program  was  in  effect  which 
includes  mowing  of  the  crest  grass/weeds  and  the  cutting  of  small  trees 
on  the  embankment . 

c.  Appurtenant  Structures.  The  inspection  team  observed  the 
following  items  pertaining  to  the  appurtenant  structures.  The  spillway 
is  an  18-inch  corrugated  metal  pipe  conduit  located  near  the  right  end 
of  the  embankment  with  no  control  mechanism.  There  was  evidence  of 
erosion  in  the  unlined  spillway  discharge  channel  downstream  of  the 
spillway.  The  spillway  was  considered  to  be  in  good  condition.  It 


should  be  noted  that  an  abnormally  large  spillway  discharge  would  pro¬ 
bably  cause  damage  to  the  embankment  in  the  vicinity  of  the  spillway. 


There  was  no  development  in  the  spillway  area  which  would  suffer 
damage  due  to  flow  through  the  spillway. 

d.  Geology .  The  soil  in  the  area  around  the  dam  and  reservoir 
consists  of  silty  clay.  The  soils  were  visually  classified  as  CL  ma¬ 
terials  . 

No  rock  outcrops  were  observed.  It  is  anticipated  the  foundation 
and  abutments  consist  of  either  shale  or  silty  clay.  The  depth  to 
bedrock  could  not  be  determined. 

Auger  samples  of  the  materials  in  the  embankment  were  taken  with  an 
Oakfield  sampler  near  the  downstream  crest  of  the  embankment.  The 
materials  in  the  sample  were  visually  classified  for  engineering  purposes 
as  ML  and  CL  materials.  Based  on  these  samples,  it  is  surmised  that  the 
embankment  is  constructed  of  materials  similar  to  those  in  the  samples. 

e.  Reservoir  Area.  No  slumping  or  slides  of  the  reservoir  banks 
were  observed.  The  watershed  for  the  lake  is  primarily  cultivated 
agricultural  land.  The  contributing  watershed  was  not  particularly 
channelized.  Some  small  ditches  were  observed.  The  contributing  area 
was  essentially  clear  of  debris  and  trees.  Some  brush  was  observed 
along  the  east  watershed  boundary.  The  lake  was  noted  to  be  clean  with 
no  siltation. 

f.  Downstream  Channel.  The  spillway  discharges  to  a  channel  which 
enters  a  30-inch  concrete  culvert  under  U.S.  Highway  50.  The  natural 
channel  downstream  from  Highway  50  is  relatively  clear,  although  the 
overbanks  have  extensive  brush  and  tree  growth.  Large  flows  passing  the 
dam  would  probably  overflow  the  highway  at  its  low  point  which  is  approxi¬ 
mately  1,000  feet  west  of  the  dam. 

3.2  EVALUATION 

The  various  deficiencies  observed  at  the  time  of  the  inspection  are 
not  believed  to  represent  an  immediate  safety  hazard.  They  do,  however, 
warrant  monitoring  and  control. 

The  potential  for  sloughing,  erosion,  or  sliding  of  embankment 
material  is  enhanced  by  the  presence  of  the  relatively  steep  side  slopes 
and  the  lack  of  erosion  protection  on  the  upstream  face. 

The  growth  of  trees  and  brush,  if  allowed  to  go  unchecked,  could 
cause  deterioration  of  the  embankment.  The  roots  of  trees  can  loosen 
the  embankment  material  and  leave  voids  through  which  water  can  pass. 
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The  area  of  seepage  on  the  downstream  slope  which  was  observed 
should  be  monitored  regularly  for  quality  and  quantity.  Seepage  can 
cause  internal  erosion  creating  cavities  and  underground  channels, 
thereby  weakening  the  embankment  and/or  abutments. 

The  eroded  unlined  discharge  channel  at  the  embankment  toe  near  the 
right  abutment  should  be  repaired  and  protected  against  further  erosion. 

The  absence  of  riprap  on  the  upstream  slope  of  the  dam  has  resulted 
in  wave  action  erosion.  If  not  corrected  wave  action  will  continue  to 
erode  the  embankment  and  could  lead  to  slope  stability  problems. 

Burrowing  animals  will  continue  to  damage  the  embankment  if  a 
program  is  not  undertaken  to  eliminate  them.  Piping  failure  of  embank¬ 
ments  have  resulted  from  damage  caused  by  burrowing  animals. 


SECTION  4  -  OPERATIONAL  PROCEDURES 


4 . 1  PROCEDURES 

The  pool  is  primarily  controlled  by  rainfall,  runoff,  seepage, 
evaporation,  transpiration,  and  capacity  of  the  uncontrolled  spillway. 

4.2  MAINTENANCE  OF  DAM 

There  was  evidence  that  maintenance  has  been  performed  which  in¬ 
cludes  the  mowing  of  the  crest  grass/weeds  and  the  cutting  of  small 
trees  and  brush. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 
No  operating  facilities  exist. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT 

There  is  no  existing  warning  system  or  preplanned  scheme  for  alert¬ 
ing  downstream  residents  for  this  dam. 

4.5  EVALUATION 

A  maintenance  program  should  continue  to  include  mowing  the  grass 
cover  and  cutting  small  trees  and  brush  on  the  embankment  in  order  to 
discourage  animal  burrowing. 
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SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data.  No  design  data  were  available. 

b.  Experience  Data.  The  drainage  area  and  lake  surface  area  are 
developed  from  the  USGS  Knob  Noster  Quadrangle  Map.  The  dam  layout  is 
from  a  survey  made  during  the  inspection. 

c .  Visual  Observations. 

(.1)  The  spillway  appears  to  be  in  good  condition.  The  lake  level 
at  the  tim:  of  the  inspection  (El.  831.6)  was  below  the  spillway  invert 
level.  There  were  no  obstructions  to  flow  in  the  immediate  downstream 
channel.  The  spillway  discharge  enters  a  30-inch  concrete  highway 
culvert  immediately  downstream  from  the  dam's  toe  near  the  center  of  the 
dam . 

(2)  There  is  no  emergency  spillway  for  this  dam. 

(3)  Spillway  discharges  may  endanger  the  integrity  of  the  dam  in 
the  immediate  vicinity  of  the  spillway. 

d.  Overtopping  Potential.  The  spillway  will  not  pass  the  probable 
maximum  flood  without  overtopping  the  dam.  The  probable  maximum  flood 
is  defined  as  the  flood  discharge  that  may  be  expected  from  the  most 
severe  combination  of  critical  meteorologic  and  hydrologic  conditions 
that  are  reasonably  possible  in  the  region.  The  spillway  will  pass  25 
percent  of  the  probable  maximum  flood  without  overtopping  the  dam.  The 
spillway  will  pass  the  one  percent  chance  flood  estimated  to  have  a  peak 
outflow  of  5  cfs  developed  by  a  24-hour,  one  percent  chance  rainfall. 
According  to  the  recommended  guidelines  from  the  Department  of  the  Army. 
Office  of  the  Chief  of  Engineers,  a  high  hazard  dam  of  small  size  should 
pass  50  to  100  percent  of  the  probable  maximum  flood.  Considering  the 
downstream  hazard  and  the  volume  of  water  stored  in  the  reservoir,  the 
appropriate  spillway  design  flood  should  be  100  percent  of  the  probable 
maximum  flood.  The  portion  of  the  estimated  peak  discharge  of  50  percent 
of  the  probable  maximum  flood  overtopping  the  dam  would  be  77  cfs  of  the 
total  discharge  from  the  reservoir  of  85  cfs.  The  estimated  duration  ol 
overtopping  is  8.5  hours  with  a  maximum  height  of  0.8  feet.  The  portion 
of  the  estimated  peak  discharge  of  the  probable  maximum  flood  overtopping 
the  dam  would  be  820  cfs  of  the  total  discharge  from  the  reservoir  of 
830  cfs.  The  estimated  duration  of  overtopping  is  10.7  hours  with  a 
maximum  height  of  1.6  feet.  The  embankment  could  be  jeopardized  should 
overtopping  occur  for  these  periods  of  time. 

According  to  the  St.  Louis  District,  Corps  of  Engineers,  the  effect 
from  rupture  of  the  dam  could  extend  approximately  one  and  one-half 
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miles  downstream  of  the  dam.  Within  the  defined  damage  2one  are  two 
trailer  courts  with  more  than  fifteen  trailer  units,  a  motel  and  service 
station,  a  railroad,  commercial  development,  more  than  five  residential 
dwellings,  and  two  highways.  These  various  facilities  could  be  severely 
damaged  and  lives  lost  should  failure  of  the  dam  occur.  Contents  of  the 
estimated  downstream  damage  zone  were  verified  by  the  inspection  team. 
There  does  not  appear  to  be  any  flood  plain  regulations  or  other  con¬ 
straints  in  force  to  limit  future  downstream  development. 
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SECTION  c 


STKl'CTl'KAL  STABILITY 


o.l  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations.  Visual  observations  ol  conditions  which 
affect  the  structural  stability  of  this  dam  are  discussed  in  Section  3, 
paragraph  3.1b. 

b.  Design  and  Cons t rue t i on  Data.  Nc  design  data  relating  tc  the 
structural  stability  of  the  dam  were  found.  Seepage  and  stability 
analyses  comparable  to  the  requirements  <:  the  "Recommended  Guidelines 
for  Safety  Inspection  of  Lams"  were  not  available,  which  is  considered  a 
def 1 c lencv . 

c.  Operating  Records.  No  operational  records  exist. 

d.  Postconstruct  ion  Changes.  It  is  not  known  whether  or  not  any 
changes  have  been  made  to  the  dam  subsequent  to  its  construction. 

e.  Seismic  Stability.  The  dam  is  located  in  Seismic  Zone  1  which 
is  a  zone  of  minor  seismic  risk.  A  properly  designed  and  constructed 
earth  dam  using  sound  engineering  principles  and  conservatism  should 
pose  nc  serious  stability  problems  during  earthquakes  in  this  zone.  The 
seismic  stability  of  an  earth  dam  is  dependent  upon  a  number  of  factors: 
embankment  and  foundation  material  class i f i ca t i ons  and  shear  strengths; 
abutment  materials,  conditions,  and  strengths;  embankment  zoning,  and 
embankment  geometry.  Adequate  descriptions  of  embankment  design  para¬ 
meters,  foundation  and  abutment  conditions,  or  static  stability  analyses 
to  assess  the  seismic  stability  of  this  embankment  were  not  available 
and  therefore  rio  inferences  will  be  made  regarding  the  seismic  stability. 
An  assessment  of  the  seismic  stability  should  be  included  as  part  of  the 
stability  analysis  required  by  the  guidelines. 


13 


SECTION  : 


ASSESSMENT  REMEDIAL  MEASURES 


' . I  DAM  ASSESSMENT 

j .  Safely .  Several  conditions  observed  during  the  visual  inspec¬ 
tion  by  the  inspection  team  should  be  monitored  and/or  controlled. 

These  are  erosion  or.  the  upstream  slope,  erosion  of  the  unlined  spillway 
discharge  channel  at  the  embankment  toe  near  the  right  abutment,  the 
seepage  area  on  the  downstream  slope,  and  animal  burrows  in  the  embank¬ 
ment.  Seepage  and  stability  analyses  comparable  to  the  requirements  of 
the  "Recommended  Guidelines  for  Safety  Inspection  of  Dams"  were  not 
available,  which  is  considered  a  deficiency. 

b.  Adequacy  of  Information.  Due  to  the  absence  of  engineering 
design  data,  the  conclusions  in  this  report  were  based  only  on  perfor¬ 
mance  history  and  visual  conditions.  The  inspection  team  considers  that 
these  data  are  sufficient  to  support  the  conclusions  herein.  Seepage 
and  stability  analyses  comparable  to  the  requirements  of  the  "Recommendei 
Guidelines  for  Safety  Inspection  of  Dams"  were  not  available,  which  is 
considered  a  deficiency. 

c.  Urgency .  It  is  the  opinion  of  the  inspection  team  that  a 
program  should  be  developed  as  soon  as  possible  to  implement  remedial 
measures  recommended  in  paragraph  7. 2b.  If  the  safety  deficiencies 
listed  in  paragraph  7.1a  are  not  corrected,  they  will  continue  to  de¬ 
teriorate  and  lead  to  a  serious  potential  of  failure.  The  item  recom¬ 
mended  in  paragraph  7.2a  should  be  pursued  on  a  high  priority  basis. 

d.  Necessity  for  Phase  II.  The  Phase  I  investigation  does  not 
raise  any  serious  questions  relating  to  the  safety  of  the  dam  nor  does 
it  identify  any  serious  dangers  which  would  require  a  Phase  II  investi¬ 
gation.  However,  the  additional  analyses  noted  in  paragraph  2.5b  are 
necessary  for  compliance  with  the  guidelines. 

e.  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  1. 
Adequate  description  of  embankment  design  parameters,  foundation  and 
abutment  conditions,  or  static  stability  analyses  to  assess  the  seismic 
stability  of  this  embankment  were  not  available  and  therefore  no  infer¬ 
ences  will  be  made  regarding  the  seismic  stability.  An  assessment  of 
the  seismic  stability  should  be  included  as  part  of  the  recommended 
stability  analysis. 

7.2  REMEDIAL  MEASURES 

a.  A1 ternat ives .  The  spillway  size  and/or  height  of  the  dam  would 
need  to  be  increased  or  the  lake  level  would  need  to  be  permanently 
lowered  to  increase  available  flood  storage  to  effectively  pass  the 
recommended  spillway  design  flood. 


1 4 


b.  Operation  and  Maintenance  Procedures  The  following  operation 
and  maintenance  procedures  are  recommended  and  should  be  carried  cut 
under  the  direction  of  a  professional  engineer  experienced  in  thr  design, 
construction,  and  maintenance  of  earth  dams. 

(1)  Riprap  should  be  placed  on  the  upstream  lace  of  the  dam  to  an 
elevation  above  normal  lake  level  to  prevent  wave  induced  ercs.on  of  the 
embankment  material. 

(2)  The  seepage  area  noted  during  the  visual  inspection  should  be 
closely  monitored  and  documented  as  to  quantity  and  quality  of  liow. 

Any  significant  changes  should  be  evaluated. 

(3)  A  maintenance  program  to  remove  and  control  the  growth  of 
brush  and  trees  on  the  embankment  should  be  continued.  urass/weed  cover 
on  the  embankment  should  be  cut  periodically. 

(,4)  The  spillway  discharge  ditch  on  the  downstream  slope  of  the 
embankment  near  the  right  abutment  should  be  repaired.  A  paved  ditch  or 
other  means  of  protection  may  he  required  to  control  the  concentrated 
runoff . 

(5)  The  animal  burrows  in  the  embankment  should  be  corrected  since 
they  contribute  to  the  occurence  of  piping.  Control  measures  should  be 
implemented  under  the  direction  of  a  qualified  engineer  to  discourage 
animal  activity  in  the  area.  The  embankment  slope  should  be  monitored 
during  this  repair. 

(6)  Seepage  and  stability  analyses  should  be  performed. 

(7)  A  detailed  inspection  of  the  dam  should  be  made  periodically. 
This  inspection  should  include  measurement  of  seepage  flows  and  analyzing 
water  samples  taken  from  the  seep  and  lake.  The  findings  of  these 
inspections  should  be  documented  and  made  a  matter  of  record.  More 
frequent  inspections  may  be  required  if  additional  deficiencies  are 
observed  or  the  severity  of  the  reported  deficiencies  increase. 
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DAM  CREST  PROFILE 


PHOTO  3:  CREST  OF  DAM  LOOKING  SOUTH 


PHOTO  V. 


l’HOTO  (i : 


l’HOTO  7:  DOWNSTREAM  FACE  OF  DAM  LOOKING  SOUTH 
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PHOTO  16:  AREA  DOWNSTREAM  OF  HIGHWAY  (T EVERT 


PHOTO  17:  SEEPAGE  AREA  AT  DOWNSTREAM  TOE  OK  DAM 
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APPENDIX  A 

HYDRO LuCIC  AND  HYDKAl L 1 0  ANALYSES 


H'llik  'Le.,.  A!  HYFjKAI  l.i .  ANAIA  SLS 

! »  determine  ttii  MVfi t 1 .pp in  g  p.  t  eiil  .  .1 1  .  t  1  •!  iiut  iiijs  were  per¬ 

formed  b\  apfiving  the  kioballe  Maxiniuii  Frr.  untdl  i.u,  KMK  1  to  a  synthe¬ 
tic  ui. .  t  hvdrogr  apt.  t-  develop  the  inflow  hydrog.-apt,  The  in!  lov  nydro- 
grafl,  was  thet.  routed  through  Hit  reservoir  and.  spillway  The  over* 
topping  Ji.jivsis  was  determined  using  the  (omputer  program  HKl-1  i  Dam 
,N  a  !  e  t  \  \  e  r  1  < » 1 1  !  Kctereiae  ■ 

I  tie-  PMl  was  let  e  rm  i  lied  f  r  >n,  regional  .harts  prepared  t>y  the  National 
W t  .» t  r  se  :  \  .  e  . "H v  .1  r  ■  >nie  t  n  r  ■  1  ,,g .  1  a  1  Kepi  r  t  Nc  :  • "  '  HMK -  :  i  Ke 1  e  re  11  c 

-  hedn.t.ii,  ta  l.is  were  let  appl.ed  The  raihtail  d  1  s  t  r  Unit  l  on  for 
t !  1  e  .«*-.V>ur  P‘1!  sti  rn:  was  d<  lermined  according  t  t  lie  |  rocedures  out  i  tried 
iti  HMK  -  '  '  and  KM  1  1  1 1- _  -  . t  i  :  Keter**ia  e  S'  1  he  sweet  Spring*,  Missouri 
iaiiit.il.  distribution  r  mn  interval  -  hours  duration  .  as  provided 
h>  the  St  l.i'ius  llistr.it,  -citp  of  Kngiiieers.  was  used  when  the  one 
per>  eh',  rhati.e  probability  tlood  was  routed  through  the  reservoir  and 
sp  .  1  1  way 

The  synthetic.  unit  hydrograph  fci  the  watershed  was  developed  by 
the  computer  program  using  the  St.  1  1  t onse rvat 1  on  Service  iSCSI  method 
'ketereiM.es  and  t  dime  f-t  .  oim  ent  rat  1  on  (T  I  was  determined  using 
the  "kirpirh"  formula  and  verified  by  the  SCS  and  Navy  methods.  The 
parameters  tor  the  unit  hydrograph  are  shown  111  Table  1. 

The  SCS  mrvp  number  1  CN  ■  method  was  used  .11  computing  the  infil¬ 
tration  losses  tor  the  r.i  1 11 1  a  I  I  -  runof  f  relationship  The  CN  values 
used,  and  the  result  from  the  computei  output,  are  shown  in  Table 

Tiie  reserv.  11  routing  was  performed  using  tin  modified  puls  method. 

1  he  initial  reservoir  pool  elevation  for  the  routing  of  each  storm  was 
determined  to  be  equivalent  l<  t  fie  inlet  invert  elevation  of  the  spill- 
wu\  at  elevation  h  i_  1  feet  ms  1  111  accordance  with  antecedent  storm 

1  on.:  1 t : ons  AM.  11  and  AMC  III  preceding  the  one  percent  probability  and 
p  t  "hat1 1  e  maximum  stums  as  outlined  by  tfie  I  S  Army  Corps  c.f  Lngineers, 
s;  loins  District  iketerence  The  bvdraulic  capacity  ol  the  spillway 

and  the  storage  .apac  ,t\  .  f  tb.e  reservoir  were  defined  by  the  elevation, 

s.iila.i  iiim,  storage,  and  discharge  relationships  shown  111  Table  a. 

1  be  rating  .  urvi  t  i  tfie  spillway  is  shown  111  Table  a.  The  flow 
"i"i  the  in!  !  the  lam  was  determined  using  the  non*. eve,  dan,  crest 
•|  t  1  on  .u.  and  ; 1  jM;  i  I  the  Hf.l  -  1  program  The  program  assumes 

.  1  1  l  ;  a  1  1  ,  ow  ,  \  e  1  a  bro.ul-i  rested  welt 

The  r  •  si.lt  i  I  tin  routing  analysis  indicates  that  C’>  p<  rcent  ol  the 
I'M!  w  .  .  I,  !  vr  rt  t  he  lam 


umn.a  r  •  ■  ;  t  It* 


■  hi 


ali.iiv  is  f.  r  dilfereiit  ratios  of  the  !’MI 


The  computer  input  data  and  a  summary  of  the  output  data  are  pre¬ 
sented  at  the  back  of  this  appendix. 


TABLE  1 


SYNTHETIC  UNIT  HYDROGRAPH 


Pa  rameters 

Drainage  Area  (A) 

Length  of  Longest 
Watercourse  ( 1. ) 

Elevation  Difference  m 
Watei shed  (H  ) 

Lag  Time  (L  ) 

g 

Time  of  concentration  ( 'I  ) 
Duration  (D) 


T  ime  (Min.  )  * 

0 

5 

10 

15 

20 

2b 


A7  acres 
0.22  miles 


83  feet 


0.05  hours 
0.08  hours 
0.7  min . 

(.use  5  minute  intervals) 
D ischarge  ( c f s  ) 

0 

388 

1h3 

33 


from  HtC-1  <omputer  output 


KORMVLAS  USED : 


1 


111.5  L'4/ H  i 


0. 385 


i.  =  o.t,  r 

K  t 

D  -  0.13)  T 


TABLE  2 


RAINTALL-RUNOFF  VALUES 


Selected  Storm 

Event 

Storm  Duration 
(Hours ) 

Rainfall 

(Inches) 

Runoff 

(Inches) 

Loss 
( Inches ) 

PMP 

24 

32.76 

32.14 

0.62 

1%  Probability 

24 

7.49 

5 . 96 

1.53 

Additional  Data: 

1)  The  soil  associations  in  this  watershed  are  Norris,  Deepwater, 
Sampsel,  Snead,  and  Haig  (Reference  1). 

40  percent  of  drainage  area  in  hydrologic  soil  group  C. 

60  percent  of  drainage  area  in  hydrologic  soil  group  D. 

33  percent  of  the  land  use  was  grassland. 

67  percent  of  the  land  use  was  cropland. 

2)  SCS  Runoff  Curve  CN  =  95  (AMC  III)  for  the  PMF. 

3)  SCS  Runoff  Curve  CN  =  87  (AMC  II)  for  the  one  percent 

probability  flood  (Reference  8). 

TABLE  3 

ELEVATION.  SURFACE  AREA,  STORAGE,  AND  DISCHARGE  RELATIONSHIPS 

Elevation  Lake  Surface  Lake  Storage  Spillway 

1 feet-MSL)  Area  (acres)  (acre-f t )  Discharge  (.cfs) 

*832.0  10.3  48  0 

**834.6  15.1  80  7.3 

••'Spillway  Pipe  Inlet  Invert  Elevation 
**Top  of  Dam  Elevation 

The  relationships  in  Table  3  were  developed  from  the  Knob  Nosier, 
Missouri  7.5  minute  quadrangle  map  and  the  field  measurements. 
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TABLE  4 


SPILLWAY  RATING  CURVE 


Reservoir 

Spillway 

Elevation  (ft-msl) 

Discharge  (cfs) 

"832 . 0 

0 

832.9 

2.5 

833.7 

5.0 

**834.6 

7.3 

*Spillway  Inlet  Invert  Elevation 
■'""Top  of  Dam  Elevation 

METHOD  USED: 

Spillway  release  rates  were  determined  by  nomographs  for  corrugated 
metal  pipe  culverts  with  inlet  or  outlet  control  (Ref erence9 ) . 


TABLE  5 

RESULTS  OF  FLOOD  ROUTINGS 


Ratio 

Peak 

Peak  Lake 

Total 

Peak 

Depth 

(ft.) 

Duration 
Over  Top 

of 

Inflow 

Elevation 

Storage 

Outflow 

Over  Top 

of  Dam 

PMF 

(cfs) 

(f t . -msl ) 

(ac . -ft. ) 

(cfs) 

of  Dam 

(hrs .  ) 

- 

0 

*832.0 

48 

0 

- 

0.25 

328 

834.3 

76 

7 

0 

0 

0.50 

656 

835.4 

91 

85 

0.8 

8.5 

1 .00 

1,312 

836.2 

105 

830 

1.6 

10.7 

'"Spillway  Inlet  Invert  Elevation 
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